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PRESSURE DISTRIBUTION TESTS ON A SERIES OF CLARK Y BIPLANE CELLULES
WITH SPECIAL REFERENCE TO STABILITY

By RIOHARD W. NOYES

SUMMARY

The premwre di.atributiondata d&mu#8edin this report
repreeent the re8uLt8of part of an inveatigti c&ted
by the Nationu.!AdviaoqI Committeefor Aeronauti.M on
thejactor8 afecti~ the aerodynamic safety of airplan~.
I hapre-senittxn%were made on 8em&pan,circulur-tipped
(?lurk Y airjoi.1model-smountedin the conventionalman-
n45ron a separationplhm. Pre88-ur8rea&ng8were nuuik
eimultaneoudy at all teat o@i.ces at each of 200an&x oj
attack between –8° and +90°.

T/Mreculte oj the teW8on euch wing arrangenwniare
compared on tlw bmea oj maximum normaljorce wq$i-
tieni, lutenu?etabiliiy a4 a low rate oj roU, and reluiive
longitudinal 8tu.Wi.ty. Tabular & are do presented

‘ giving the canter oj premum location of euch wing.
The prirwipd GOnaWOm drawnjrom the remdts oj

th88ete8t8may be aummarizd IZ8johwa:
1. No biplane arrangement invtxtigaied lim m high a

valua oj maximum normaljorce co@iOient m the mOnO-
plam, al.tlmu.ghtha & jor tlw IX%& huviw 60 per
ceni poeiiive 8tagger and 3° po8itwe decaluge (the lower
wing at a higher a@a oj &tuck thun the upper) h only
3 per cd L888.

$. Uistuble rolling moments due to a low rate oj roU
are generally o?ecreaed by tha w.aeof a gap/chordraiw
oj le88than 1.0, poeitive 8@ger alme, or po8itive 8tagger
and negaiwe deculage.

S. Combined poeitive stagger and negative deculu.ge
8how tlw greuteetreld%e lon@udinaJ atabiltiy below tha
&2zU,

INTRODUCTION

A review of the general problem of the aerodynamic
safety of airplanea shows that the combination of flight
charactmistics peculiar to the conventional airplane
at high angles of attack is one of the most proliiic
sourkesof danger-a situation that is directly traceable
to the fact that the greatest and most sudden changes
in lift and stability occur at these attitudea.

To increase the rather meager general information
on airfoils operating in this &ar range the National
Advisory Committee for Aeronautics has conducted a
comprehensive investigation of the aerodynamic char-

acteristics of a large series Qf Clark Y monoplane and
biplane combinations up to 90° angle of attack. This
research consisted of force ttwts,autorotation tests, and
pressure distribution tests, all mad6 in the 6-foot at-
mospheric wind tunnel of the N“. A. C. A. (reference
1), at a Reynolds Number of about 160,000.

The results of the force tests have been reported in
references 2 and 3, the autorotation tests in reference
4, and the preliminary results of the pressure dis-
tribution tests in references 6, 6, and 7. The present
report is a compilation and analysis of aUthe pressure
distribution data given in the last three references.

Analysis of the data presented in this report covers
(1) the effect of wing arrangement on maximum normal
force; (2) the effect of wing arrangement on lateral
stabili~ at high angles of attack; and (3) the effect .
of wing arrangement on longitudimil stability.

APPARATUS AND METHODS

Apparatus.-Conventional pressure distribution test
apparatus (the validity of the use of which is discussed
in references 5 and 8) was used in the closed-throat
atmosphericwind tunnel. A general view of the appara-
tus is shown in Figure 1, and a photograph of the wing
models mounted vertically through a midspan “ separa-.
tion plane” is shown in Figure 2. The horizontal
plane extended several feet upstream and downstream
bm the models and completely across the tunnel.
Ite leading edge was adjustable through a small
vertical angle in order to compensate for the fictional
reduction in air velocity adjscent to the plane’s
surface. The disk in its center was free to rotate with
thewingmodels when their angle of attack was changed.
This adjustment was possible horn outside the twt
section while the tunnel was in operation. A clamp
beneath the sepmation plane, protected from the air
stream by a fairing, held the wing models. It was
adjustable while the tunnel was shut down to allow .
the wings to be set in any desired biplane arrangement.

The semispan models were 6-inch chord, Clark Y
airfoils with circular tips and an aspect ratio of 6.
The same prcdile shape .WSS maintained throughout
the span and the chords of all sections lay in the
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same plane. Figure 3 shows the plan form ~f the
wings with test sections-and oriiice locations indicated.
Each orifice was the end of a 0.015-inch inside diameter
brass tube in.b+d between the mahogany laminations
of the model. The other end of each tube extended

f

ing @ test sections on the models, and within each
group they were so spaced that the heights of the alcohol
columns formed ordinates of the section-load diagrams.
Shadcpvgraph recoin-of these -h+ghts were -obtained
on along strip of sensitized paper stretched behind the

I ,----- Ill
—-
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/
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“a=%:. il

FmuE~2.—%miqmnwingmodels mounted on sapamtionpbne

Section A Section B Section C Secilon D Section. E

FIGURE?.—PIanview of wing models dmwlng profiles and oriIIcalocations

several inches beyond the butt of the wing to facilitate
itg connection to the manometer.

The multiple-column alcohol manometer and rubber
tubing connecting it to the inlaid brass tubca in the
models are seen in Figure 1 mounted below the tunnel
teat section. The manometer tubes were arranged
approximately on the arc of a circle at the center
of which was an electric light used to expose the
photostatic records. The tubes were grouped accord-

tubes. As each record was taken it was wound on a
reel in a Iightproof box at one end of the manometer
and a fresh length of paper unwound hm a similar
box at the other end.

Dynamic pressure in the test section of the wind
tunnel was indicated on a separate micromanometer.
This instrument was connected to a calibrated l?itot-
static tube located several feet upstream where it
was not aifected by the presence of the models.
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Tests,—A velocity survey of the air stream w
made along the vertical diameter of the tunnel te
section about 1 foot ahead of the mbdels. Figure
shows the distribution of dynamic pressure as obtaim
with the models set at zero lift and reference 8 indicat
that this distribution will not be changed appreciab
by increasing the angle of attack. The integratx
mean dynamic pressure between the limits shorn
was used to calibrate the “service” Pitot-static tul
employed throughout the investigation to indica
the air speed in the test section.

Table I gives a complete list of the monoplane ar
biplane arrangements investigated. Each wing se
up was tested at anglea of attack from – 8° to +9(
at 2° inta%als in the vicinity of the stall and at ls.rg
angular steps over the remainder of the range.

The detailed teat procedure followed in each ca[
was, in general, similar to that employed in previol
wind-tunnel pressure-distribution work in which e
ofice presmres were recorded simultmmonsly. BefoI
each run the pressure Iinw from the wing or@cea i
the manometer tubes were checked for leaks or blocl
ing. The air was then brought up to speed, ti
desired angle of attack set, and the record obtained.

TABLE I

PRESSURE DISTRIBUTION TEST PROGRAM

Wing protie-Clark Y.
Tip shape—Circular.
hpect ratio—6 (except for shorter wing of overhun

combinations.)

Gap--------------------- a%.n
::
LE4

mgger-. –- . . . . . . . . . ;

1
1

Decdage ----------- ;

1

Dihedral ------------ i

swmpback....-.--. -.. ~

i
1

overhang —. .. ----- 1
1
1

~8p and a----.-- .76
.76

1.26
L25

StaWXI and decalam---- 1
1
1

Gap and decnlaga-.. ;23
.76

Lti
.76

Stagger and SWWpb2k_ 1
1
1

Dfhedm

o

0

8
0
0

:
0
0

8
0
0

1“Up&
P IOy

o
0

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

mwpbaol Ovel

—

---

-----

$’
0
0
0

:
0

:
0
0

8
0
0
0
0
0

%
0’
0
0
0
0
0
0
0

.:
0
0
0
0
0

Dmala&ab comfdaed pmltive when the lowarwfng k at a larger angle ofatta
than me ripper W@

COMMTM?DE FOR AERONAU!HCS
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RESULTS

Reduction of test data,-The results of this investi-
gation were obtained horn the recorded otice prea-
snres by three steps of graphical integration. First,
the section normal force diagrams, which were drawn
directly on the manometer records, were integrated
for area and moment about the leading edge of the
straight portion of the wing. The resulting section
loads and section pitching momenta were then plotted
against span. Integration of the wing-load diagrams
gave total wing normal force and bending moment
about the root, and integration of the wing pitching
momant cnrve9 gave total wing pitching moments.
.Finally, these dimensional loads and moments were
reduced to ccef!icient form by means of the following
equations.

Section normal force:

w=%. (1)

where

iV’ - the normal load on a section of unit span

g= dynamic pressure

c= chord of the section.

Total wing normal force:

6’.=.$ (2)

where
iV= the normal load on the whole wing

S“wing area

Cellule normal force:

ON c,lluh=
ON tipp.r supper+ CN‘“w” s ‘owe’ (3)

s COllul,

Wing loading ratio:

,. ON UpP,,

‘= CN Io.ar
(4)
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Cellule pitching moment about the quarter-chord
point of the mean cellule chord: ,

[Chxsx (up.’ –u,=)]. ,6,+
f’~ ~,=[CNXSX(O,s’-c..) ,0..,

m Sa.lzul.
(5)

where
,

Up=’E 10 “tudinal d$tanoe -in terms of the wing,
Tcord $om lb lea% edge@ t!e 25 P.Sr
cept point of the chor of an unagmary .ur-
fod lying between the upper and lower vnngs
of the cellule at a distance horn each in-
versely proportional to its area and bounded
by. ~anea passing through their leading and

& edgea
U,.= lo$itudmal center of pressure of the wing in

terms of the chord
Longitudinal ienter of pressure:

c,.==; (6)

where
M= total pitching moment about the leading edge

of the normal force over the wing
Lateral center of pressure:

Cp.=g (7)

where
L= total bending mom@ about the w-@ root due

to the normal force over the wing
Rolling moment due to roll was calculated by the

strip method (reference 9) from curves of CN’ plotted
against a, and reduced to coefficient form by the
equation,

CA=--&CO9a (8)

where
a= the angle of attack and A is the total rolling

moment due to the asymmetric distribution of
normal load along the span when the assumed
rate of roll is such that

b
-%2 = 0.05 (9)

In this expression
p =rate of rotation in roll in radians per second
b=span of wing in feet

V= air velocity in feet per second at center sek
tion of the wing

and the numerical measure of the rate of roll, 0.05, cor-
responds to the results obtained in flight tests in ex-
tremely gus~ air when the airplane is held as level M
possible.

Tables and figures,-The coefficients as derived
from the foregoing equations are presented in graphical
and tabular form. Curves of cellule, upper wing, and
lower wing normal form coefficient (all plott8d against
angle of attack) are presented in familiea according ti

tie principal celhde variables in I?igures 5 to 35.
The monoplane C~ curve included in each of these
figures showing biplane celhde normal force is the
mean curve of the two wings making up the celhde
tested separately as monoplanes. The monoplane
curve s~own on the remaining @wrea is drawn through
the experimental points of the particular wing (upper
m lower) to which it is being compared.

Lateral stability charactmidks of each wing ar-
rangement are indicated ‘by curves of Ck plotted
against angle of attack in Figures 36 to 46. In this
~eriesof @urea, the monoplane comparison curve is,
again, the mean of the two wings tested separately as
monoplanes

Curves of pitching moment about the 25 per cent
point of the mean chord are given for all celh.deain
Figl.H 47 to 57.

Table II is a collection of the maxima and other
important featurea of the foregoing curves. Tables
III to XL contain all the data obtained in this research
on the following characteristics of each cellule tested:
(1) Normal force codicient of the complete cellule;
(2) pitching-moment coefficient of the complete cellule;
(3) wing-loading ratio; (4) normal force coefficient of
the individual wings of each celhde; (5) longitudinal
and lateral center of pressure of each wing. @’or the
benefit of persons interested in the study of the effect
of celhde arrangement and angle of attack on the
span load distribution of the individual wings of a
biplane, tables of section normal force coefficients for
all the arrangements discussed in this report are
available upon request. This material is not included
in the present report, because of its relatively limited
general interest and because it is irrelevant to the
pre9ent discussion.)

Aoouracy.-A comparison of the results of repeat
runs showed that a deviation of about + 2 per cent of
the mean observed value of the variable may be ex-
pected in any plotted or tabulated reading presented.
This error is due to factors which are typical of pres-
sure distribution test procedure, and which are dis-
cussed in detail in reference 8.

An additional error in the biplane cellule results is
due to the slight dksimilsrity between the two wing
models. Figure 5 shows the normal force coefficient
as determined experimentally on each wing plotted
against angle of attack and a curve drawn through
the mean of each pair of points. The average dif-
ference between any two corresponding readings is less
than 3 per cent of the mean observed value. Conse-
quently, the probable error of each wing horn an
“average” wing is less than 2 per cent and therefore
within the above-mautioned experimental error.

Quantitatively the pitching moments as presented
can be considered only approximate. The error is due
to the fact that pressure distribution measurements
as usually made neglect skin fiction and the compo-
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nent of the pressure forces parallel to the chord. The
negkct of these forces results in an error in the center
of pressure location up to a maximum of about 3 per
cent of the chord near the stall and in an error in the
pitching moment of a maggtude depending on the
location of the center of gravity. When the center of
~=vity is on the mean geometric chord, as assumed in
the present report, the error in the shape of the moment
curves is small enough to warrant a qualitative analy-
sis. Quantitatively, however, the moments may be
mfliciently in error to prohibit their use in stability
calculations.

The Reynolds Number of the present tests was about
150,000 or ~0full scale. Care should therefore be exer-
cised in applying the results to full-scale conditions,
since, as indicated in reference 10,there would be appre-
ciable changes in some of the aerodynamic characteris-
tics if the wings had been tested at full scale. Principal
among these characteristics are m~um normal force
coefficient and the angle of attack at which it ocours.
At full scale the maximum normal force coefficient
would probably be raised somewhat and the angle of
attack increased several degrees. Center of prewure
and pitching moments are known to show but little
change with scale and, judg@ from the negative slope
of the full-scale Clark Y lift curve in reference 10, it is
not likely that the magnitude of rolling moment due to
roll would be seriously altered. There is no informa-
tion covering scale effect on wing-loading ratios, but at
normal angles of attack this characteristic is not likely
to vary greatly with Reynolds Number.

The blocking effect or constriction of the free area of
a wind tunnel by the wing model has been described in
reference 3 and a method of correction developed for
full-span wings supported by wires. However, owing
to the very d.iilerentblocking conditions existing during
pressure distribution tests from those in force tests, it
was not cotidered advisable to apply this correction
to the pre9ent results.

No correction for tunnel-wall efleot has been applied.

DISCUSSION

The follo~~ analysis is divided into three divisions.
The first part is a detailed discussion of the effect of
each cellule variable on: (a) Maximum normal force
coefficient; (b) lateral stability at a low rate of roll; and
(c) longitudinal stability. The basic wing arrange-
ments used for comparison are the monoplane and the
orthogonal biplane, the latter being defied as a biplane
having wings of equal chord, a gap/chord ratio of 1.0,
and no stagger, decalage, dihedral, sweepback or over-
hang. In the second part the data are taken as a whole
and the general tendencies of the various methods of
changing the orthogonal biplane arrangement are dis-
cussed relative to the three factors mentioned above.
In the last section thesegeneral tendencies are collected
and summarized with a view toward indicating favor-
able lines for future research.

(

DETAILED DISCUSSION

(a) Maximdm normal force-.ilfonop?ma (fig. 5).–
The two wings (used to make all the following biplane
sebups) tested separately as monoplanes, give the nor-
mal force coefficients shown. The maximum coeffi-
cient is greater than that of any biplane arrangement
by about 3 to 18 per cent, these valuea indicating the
approximate, practical limits to the effect of biplone
interference.

Glzp (ilgs. 6-6) .-lacreasing the gap/chord ratio
above 1.0 increases the maximum normal force coefE-
cient of the oellule. This is because both winga operate
under progressively more favorable conditions as their
distance apart is increased.

Deoreaaing the ratio below 1.0 tends to delay the
burble of the lower wing up to about 35° angle of attaok.
However, it also decreases the maximum of the upper
wing (owing to the greater interference from the lower
wing) so that the celhde maximum normal force coeffi-
cient falls much beIow that of the orthogonal biplane,

/.4

12

1.0

.8
G

.6

.4

2

0

-% o“ 1P 20° 30” 40° m“ ~“ 7(9” MO g@
CY

FIocmE 5.—NIxmal foma cmfdcfent. Clnrk Y monoplarm. 0hwa18r tip,
-t r8tfo~6

Stagger (tigs. 9–11).—Positive stagger increases and
negative stagger decreases the cellule maximum nor-
mal force coefficient. Increasing the positive stagger
has an effect similar to increasing the gap, for it in-
creases the distance between the wings and makes each
of them behave more like a monoplane. In the ex-
treme case of 75 per cent positive stagger, both upper
and lower maximum Cmare greater than that for the
monoplane. However, even in this case, the celhde
maximum is less than the monoplane owing to the slot
effect of the upper wing on the lower, which delays the
lower wing rmmimumC. until well after the upper wing
has burbled.

t?izpand stagger (figs. 12-14).—Increasing above 1,0
the gap of a biplane having positive stagger inoreases
the celhde mwriomm normal force coefficient only
when the stagger is greater than 25 per cent, De-
creasing below 1.0 the gap of a biplane having positive
stagger decreaseathe maximum normal force coefficient.
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DecuLzg8(figs. 15-17).-The angles of zero and mti-
mum normal force of the lower wing of a biplane cellule
having decalage are displaced from those of the orthog-
onal biplane approximately the amount of the de-
calage. The upper wing shows a small angular dis-
placement in the opposite direction at low angles of
attack and a shift similar to the lower wing at high
angles. This latter displacement is not SufEcient,how-
ever, to cause the mfia of both wings to occur simul-
taneously, with the result that the celhde maximum
normal force is decreased (as ccmpared to the orthog-
onal arrangement) for all values of decalage tested.

Decuhzgeand gap (figs. 13-20).-Changing the gap of
a biplane having +30 decalage increases the mfium
normal force coefficient of the cellule when the gap is
increased above 1.0 and decreases it when reduced
below 1.0. ‘

Decu-?ugeand stagger (figs. 21–23).—Positive decalage
alone causes a reduction in the angle of m-urn
normal force on the lower wing, but positive stagger
tends to increase it. These effects practically cancel
each other, within the range of these tests, causing the
lower wing to burble at approximately the same angle
that it does in an orthogonal biplane. The separate
effect of the two variables on the angle of attack of the
upper wing maximum is to reduce it slightly in both
cases. Inasmuch as the latter point occurs just after
the burble of the lower wing in the orthogonal combi-
nation, the net result on a cellule having positive
decalage and positive stagger is to increa?e its mti-
mum normal force coefficient. This increase is great
enough sc that at + 3° decalage and +50 per cent
stagger, the celhde maximum C~is only 3 per cent 1sss
than that of the monoplane.

Negative decalage and positive stagger both tend
to delay the burble of the lower wing and cause the
stalling angle of the upper wing to occur progressively
sooner. Consequently, the lower wing reaches ita
maximum horn 3° to 9° later than the upper, causing
a low masimum normal force for the cellule and poor
division of load between the wings.

Dihedral (figs. 24-26).-Dihedral has practically no
effect on the coefficient of normal force.

Sweepilack (@s. 27–29).—The effect of sweepback
on either the upper or the lower wing is, in general,
similar to the effect of stagger. The magnitude of the
changes in maximum normal forca are equivalent to
those that would be produced by an amount of stagger
corresponding to the mean stagger of the sweptback
wing relative to the straight wing.

Sweepback and staggw (@s. 30-32 ).-Compmison
of the results of combined sweepback and stagger
with those of sweepback and s~er tested separately
(figs. 27 to 29 and 9 to 11, respectively) shows that the
mean stagger is again the principal factor governing
the normal force characteristicsof the celhde. Within
the range of these tests a mean positive stagger of only

25 per cent was obtained, an amount that does not
materially raise the maximum normal force coefficient.

OVerhmg (&s. 33-36).-Slight improvement in the
cellule maximum normal force coefficient results from
positive overhang. This increase is due to the com-
bined effect of the reduction in area of the lower wing,
which is adversely affected by biplane interference,
and to an improvement in the upper wing maximum
Ch.

(b) Lateral stability,-If the condition be assumed
that an airplane is tddng off or landing at a high angle
of attack over an obstacle of snflioient size to cause
considerable turbulence, in the air blowing over it, the
inherent lateral stability of the machine becomes an
important factor from the standpoint of safety.
These conditions can be approximated for the purpose
of stability calculations by assuming an angle of attack
giving C~_ and an instantaneous disturbance causing

pb
a ‘ah ‘f ‘ou ‘Uch ‘hat m=0.06.

The influence of the diilerent biplane variables o~
the Iirst of these two conditions is of importance’ only
in its relation to the angle at which lateral instability
begins. (See General Discussion.) In the present case,
the conditions affecting the range and magnitude of
the unstable rolling moments due to the rate of roll
speci.iiedwill be discussed.
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FIGUEE38.-FtoIlIng moment dae to roll at &O.06. Olnrk Y mono.

piano. Oirmlar tip. Asp&d ratio.6

Monoplanes (fig. 36).—Cbmparison of the critical
points of the curve shown with corresponding force test
data given in reference 3 (Table III) shows an agree-
ment within 2° of the angles of attack for CA=O as
determined by the two methods of test. The laok of
complete agreement is probably due to the difference
in r@ts obtained by application of the strip method
of calculation of lateraTstabiliiy to force test data and
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preaaure distribution data. iksumption of uniform
span loading was made in the force tests, but pressure
distribution data allow a more accurate determination
of the true spanloading. Consequently, resultsfrom the
pressure distribution teats take into account the delay
in burble of the tips beyond the angle of mtium
normal force on the wing as a whole and, therefore, con-
sistently give slightly larger angles of initial neutral
stability than calculations based on force task. The
upper limit of the range of instability is likewise raised
above force tat calculations owing to-the normal load
increasing again at the center of the wing before it
does so at the tips.

A comparison of Figure 36 with corresponding auto-
rotation results (from reference 4, @s. 31 and 32)
shows relatively close agreement of the angles of attack

pb
of stable autorotation at ~V= 0.05 as determined by

these two methods of test. The pressure distribution
results are considered more reliable, however, because

pb
the lowest value of ~V obtained in the autaotation

testa was about 0.20 and interpolation of the curve of
rotation against angle of attack from this point to
pb
— = O is, at best, very uncertain.2V
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Qizp(fig. 37).—The most important feature to note
is that progremive reduction in gap caueea a generil
decrease in the range and magnitude of the unstable
rolling moments. ThiE effect is due to the increasing
tendency of the upper wing to maintain the flow over
the lower as the gap is lessened. At the same time,
however, the burble of the upper wing becomes more
rapid so that in the region from gap/chord= 1.00 to
gap/chord -0.75 the improvement due to the lower

149900-33-22

wing is just offset by the greater instability of the
upper.
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Stlzgger (@g. 38).-Separation of the burble points
of the two wings by either positive or a small amount
of negative stagger reduces maximum instability.
However, above 25 per cent positive stagger this sepa-
ration causes a distinct prolongation of the range of
instability. At +75 per cent the separation is so
marked that there are two peaks of unstable moment,
one at the burble of the upper wing and a second, -
greatar one, when the flow over the lower wing breaks
down.

d

ITIOUEE.39.-Eff@ of wmbincd gap and dagger on rdflng moment dne

to Ioa at ~-aw

Qap and stagger (fig. 39).—& compared with the
orthogonal biplane, the high degree of instability
associated with a gap/chord ratio of 1.25 is partially

.
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mitigated by 25 per cent positive stagger and wholly
so by 50 per cent stagger. Reducing the gap to 75
per cent of the chord and staggering the wings +25
per cent has practically no influence on the character-
istics of the orthogonal biplarie. However, increasing
the stagger to 50 per cent reduces maximum instabili~
by more than one-half. The range of instability is
small for this biplane arrangement but occurs at a
slightly lower angle than for the previous cases.

Decaluge (@. 40).—The principal effect of this varia-
ble is displacement of the range of instability owing to
the displacement of the normal force curve of the 10VWW
wing. Except for the – 3° sett@ of the lower wing,
all the cases of decalage show a decrease in maximum
instability. The one case in which an increase is
shown can be explained by the fact that the burble of
both wings occurs at practically the same angle. This
concentration of the factors leading to instability has
the advantage, however, of noticeably reducing the
unstable range.

Decahzgeand gap (fig. 41).-Gap apparently is the
governing factor in regard to rnagnit~de of insta-
bility. Decalage in the ce~ule causes its character-,
istic angular displacement of the unstable range.

Decahzgeand stagger (fig. 42).—As pointed out in the
discussion of the normal force characteristics of this
combination of cellule varkblea (figs. 21 to 23), + 3°
decrdage and +50 per cent stagger cause CN maxi-
mum of both wings to ocpur at virtually the same sagle.
This condition was excellent from the standpoint of
small biplane interference, but coincidence of maxi-
mum normal force entails coincidence of the burble of
the two wings. The result is that this combination is
quite unstable over a small angular range. Wide
separation of the points of mmirmun normal force, as
obtained with —3° decalage and +50 per cent stagger,
has the opposite effect, giving this biplane arrange-
ment the smallest maxhrmm instability of any cellule
investig~ted.

Dilwdral (fig. 43).—This variation on the orthogonal
biplane increases the maximum unstable rolling
moment slightly.

Sweepback (fig. 44).-The simple analogy that the
effect of sweepback is equivalent to the effect of the
mean stagger of the sweptback wing is not so apparent
when stability is considered as when only normaJforce
characteristics are compared. In the case of 6° sweep-
back on the upper wing, the effective negative stagger
is about 10 per cent, which is just sticient to put the
burble of ach wing at the same angle of attack.
Hence, strong instability occws over a relatively short
range. (Compare with fig. 38 and its discussion.) At
10° sweepback the burble of the lower wing is dis-
tinctly prior to that of the upper. This condition
produces instability over a wide range, but the maxi-
mum degree of instability is only slightly greater in
magnitude than that of the orthogonal arrangement.

Sweepbackand stagger (@. 46).-As with sweepback
done, the general characteristics are very similar to
those of a biplane cellule having stagger equivalent to
the mean stagger of Jhe sweptback wing. There
Lppeamto be little choice between combinations having
me w-iqgsweptback a certain amount alone or having
the same degree of sweepback and having su.ilicient
stagger to make the wing tips come approximately
vertically over each other.

d.

~INJRE 40.-Eflect of overhang on rdllng moment dne to @f at #!YO.@5

Overhung (fig. 46).—l?rom this iigure it is apparent
that any form of overhung biplane is less desirable
than the orthogonal biplane. The reason for this
condition apparently is due to the intermediate nature
of overhung combinations between the very unstable
monoplane (see fig. 36) and the biplane. Negative 20
per cent overhang is slightly preferable to the same
amount of positive overhang because the upper wing,
whose burble is much more rapid than the lower, exerts
a smaller influence on the celhde in this case than in
positively overhung combinations.

(o) Longitudinal stabili@-.-The scope of the present
investigation is insu5cient to attempt a quantitative
discussion of the effects of the various wing combina-
tions on the longitudinal stabili~ of a complete airphme
because of the great effect upon pitching moment of
such factors as the center of gravity location, chord
components of force, and the pitching momenta of the
tail surfaces. If, however, we assume a constant geo-
metic location of the center of gravity relative to each
wing system (as defied by equation (5) in the present
case) and tail surfaces adequate to maintain balance
at normal angles of attack, the pitching moment curve
of each cellule about an axis through the assumed cen-
ter of gravity affords a basis for a discussion of certain
qualitative relations between the characteristics of the
various wing systams. Such a comparison is made
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below, the * chosen being the 25 per cent point of
the mean celhde chord, although any other ~ would
give the same relative results.

FIwJaE 47.-Pltcblng momentFdKmtthe qnartela ml point.ok-k Y mOllo-
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Mon.opluna(fig. 47).-Comparison of this curve with
those for the unstaggered biplane combinations in the
subsequent figures shows the monoplane to have a
steeper negative slope to it8 pitching-moment ourve
at high anglea of attack, and therefore a stronger
tendency toward longitudinal stability in this re~on
than any of the biplanes.

Gizp (@. 48).—Below the stall, the slopes of the
curves for all ratios are essentially the same as the
monoplane. Above the stall, increasing the gap in-
cre~ea both the range and shepness of the stable slope
to the curve.

Stagger (fig. 49).—A small amount of either positive
or negative stagger 1ss little effect on the slope of the
pitching-moment curve below the stall. Iimreasing
the stagger above +2Eiper cent very rapidly inoreasea
the unstable slope to the curve in this region, owing to
the strong stalling moment of the upper wing.

Above the stall a negatively staggared biplane shows
very poor stability characteristics. In fact it is highly
probable that neutral stability or possibly unstable
pitching moments would exist above 22° angle of
attack in a complete airplane having this wing arrtuige-
ment. Positive stagger, on the other hand, produces
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in this range positive stabiliiy equal to or greater than

that of the monoplane.
Gap and st~ger (fig. 60).—The chamcteristica of

these combinations follow very closely those for simi-
lar amounts of stagger at a gap/chord ratio of 1.0.

–?++3<+”+= /..25-l

.

Fmm+a ~—Effect of mmbfnwl dw&ge and gap on pltdngmomant about the
qoarter-cilord pdnt

Decu.?age (fig. 51).—This variable has no effect on
longitudinal stability below the stall. Above the
stall, + 6° or – 6° decalage hsa a tadency to reduce
the abruptness of the familiar nosing-down action
accompanying burbbg of the wings. This character-
istic is due to the marked separation of the stalling
points of the two wings aud the resulting prolongation
of the range during which the center of pressure of the
celhde is moving back. Beyond this mmge the pitch-
ing-moment curve for biplanes having any amount of
decalage between + 6° and – 6° does not differ
appreciably from that of the orthogonal arrangement.
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Deculuge and gap (iig. 62).—Throughout the rmge
of rmgleof attack tasted the only marked influence of

decalage is to shift the stalling angle in a manner aimilm
to the shift when the gap equals the chord. Otherwise,
the curves fall in groups whose characteristics follow,
in general, the corresponding cellules having no
decalage.

Decaluge and etqger (@g. 53).—Negative clecalage
has a distinct tendency to reduce the unstable elope of
the celhde pitching-mommt curves below the stall for
all degrees of stag@r. It also reduces the magnitudes
of the cellule diving moments in this range to such on
extent that at – 3° decalage and +50 per cent stagger
both the slope and the magnitude are the smallest of

Ra3uaE&L-Effed of dthedraf on pltchlng momant about the qnartor+hord pofnt

any celhde investigated. Positive decalage increases
the alope of the pitching-moment c~e as the stagger
is increaaedj but its effect is less than in the preceding
case. Above the stall all the cases investigated have
characteristics very similar to those of cellules having
corresponding amounts of stagger alone.

Dihe&zZ (fig. 54).-Dihedral up to 3° on either
wing haa practically no influence on the pitching-
moment characteristics of an orthogonal biplane.

Fxauw J5S.-Effeat of sweaplmok on pitnhhg mamamtabout the qoark+hord
p3fnt

Sweepback (@. 65).—Below the stall the slope of the
curves for all the arrangement teated diiler only
slightly from that of the orthogonal biplane. This
feature of the curves agreea closely with the curves of
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pure stagger (fig. 49) of amamount equal to the mean
effective stagger of the sweptback wing.

Above the stall, sweepback on the upper wing shows
a greater divergence of the pitching-moment curve
from that of the orthogonal biplane than a correspond-
ing amount of negative stagger. Consequently, even
a small degree of sweepback on the upper wing alone
would be likely to be distinctly harmful to longitudinal
stability at high angles of attack.
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%eepkck and stagger (fig. 56).—The pitching mo-
ment of a biplane cellule having sweepback of either
the upper or lower wing and also having stagger is
essentially the same as that of a celhde having an
equivalent amount of mean stagger obtained by sweep
back alone.
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Omrluzng(iig. 57).—At lo-ivangles of attack positive
or negative overhang has no influence on the pittMng-
moment curve of the orthogonal biplane. Above the
stall the characteriatica of positively overhung com-
binations approach those of the monoplane as the over-
hang increases. Negative overhang up to 20 per cent
has practically no effect in this region.

\
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GENERAL DISCUSSION

(a) Maximum normal foroe,—Table D gives a
collection of certain of the aerodynamic characteristics
of all the wing systems investigated. A study of these
data in view of the foregoing detailed discussion of each
celhde variable reveals certain general tendencies in the
variation of the tabulated characteristics. For iu-
stance, increasing (1) the gap/chord ratio above 1.0,
(2) the effective positive stagger, or (3) positive over-
hang of a biplane decreases the mutual interference
between the wings and tends to”make the maximum
normal force coefficient of the cellule approach that of
the monoplaue. With a gap/chord ratio of 1.0, change
in stagger is the most effective single factor influencing .
this characteristic. However, if +50 per cent stagger
is used with a gap/chord ratio of 1.25 (cellule CH) the
interference is still less. Finally, if + 3° decalage is
used with +50 per cent stagger (cellule HM) the
normal force curve of the lower wing is shifted so that
it nearly coincides with that of the upper wing, pro-
ducing a celhde maximum normal force that is only 3
per cent less than the monoplane and is the highest
value obtained on all the biplane arrangements tested.
Gap/chord ratios below 1.0, negative effective stagger,
or use of decslage without stagger, definitely increases
mutual wing interference and reduces maximum normal
force.

From an inspection of Columns 2 and 3, the conclu-
sion may be drawn that the interference of the circula-
tion of air about the lower wing on the circulation about
the upper wing is sufficient I% reduce the mhum
normal force coefficient of the latter (as compared to the
monoplane) for all unstaggered biplane combinations
having a gap/chord ratio of 1.0. Closer proximity of the
w@% negative stagger, or negative overhmg increases
this interference. Conversely moving the wings far-
ther apart or using positive overhang improves the
operating conditions of the upper wing to the extent
that it attains a greater mmirnum normal force coeffi-
cient than the monoplane. The optimum point of
separation beyond which the characteristics of the
upper wing begin to reapproach those of the mono-
plane, apparently has not been reached in the scope of
the present teds except in the case of overhang.

The interference effect of the upper wing on the lower
may be compared to that of a leading-edge slot on an
ordinary airfoil. Thus, in all cases, decreasing the
gap/chord ratio to less than 1.0, or using porntive
stagger, tends to maintain the flow over the lower wing
to very high anglea and large values of normal force
coetlicient.

The angle of attack for maximum normal force
(column 4) is seen to be virtually coincident with the
angle for initial lateral instability (column 5) except
for the biplane celhdes having 6° positive decalage (N)
or +50 per cent stagger with 3° negative decalage
(EL). h each of these cams the angular interval of
safety between maximum lift and the beginning of
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lateral instability is due to wide separation of the stall-
ing points of the component wings in the celluh.
However, it should be noted from Figures 40 and 42
that, although these cellules do not reach true neutral
equilibrium until the angle of attack speciiied in Col-
umn 6, they hav6 only a very slight degree of stability
for 3° or 4° below this point.

(b) lateral stability.-Columns 7 and 8 give the
initial range of lateral instability and the maximum
value of unstable rolling moment due tn roll. Close
correlation of these characteristics with each other or
the other criteria given in the table is not possible, but
a few very general relationships can be noted.

The average range of lateral instabtity is a little less
than 9°. In nearly all casea of celhdes having a very
much larger range, initial instability is due to the upper
wing burbling fit while the lower wing continues to
maintain lift and a stabilizing influence on the combi-
nation. For this reason such wing arrangements
usually have relatively small values of mhum
instability, but, owing to the fact that the instability
which does exist depends primarily on the sharpnesa

and extent of the burble of the upper wing, all celhik
do not follow thisrule.

The geometric relation between the wings beat suited
to obtain the combination of a short range of instabili~
and a small maximum instability, is a gap/chord ratio
leaa than 1. An apparently outstanding exception to
this rule is the combination ha~ a gap/chord ratio of
0.75 and – 3° decalage (EL). It will be noticed horn
Figure 41, however, that this celhde is only very slightly
unstable over the last 15° of the curve.

A seccnd method for obtaining a short range of
instability is the use of +50 per cent stagger and + 3°
decalage. This celhde (EM) shows the closest coin-
cidence of the normal force curves of its component
- and consequently the minimum dispemion in
angle of attack of the negative slope to these curves.
However, this very condition produces a magnitude of
mtium lateral instability that is greatar than the
average.

If the range of instability is of secondary importance
and only the m-umvalue of unstable rcllingmoment
is considered, separation of the normal force curve of the
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SUMMARY OF AERODYNAMIC CHARACTERISTICS
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upper and lower wings is desirable. This condition
can best be obtained by use of +5o to +75 per cent
stagger at a gap/chord ratio of 1.00 (celluleaH and G),
+50 per cant stagger at a gap/chord ratio of 0.75
(cellule EH), or +50 per cent stagger combined with
– 3° decalage (cslh.deEEL),the lashmentioned arrange-
ment being tlie most favorable.

(u) Longitudinal stabili@.-Quantitative comparison
of the various wing arrangements on the score of longi-
tudinal stability is impossible from the present data.
However, a general review of all the pitching-moment
curves reveals normal slopes below the stall except for
combinations having a large amount of stagger or
positive stagger combined with negative decalage. In
the former case, abnormally large tail surfacps would
probably be required to maintain longitudinal balance.
In the latter case the opposite condition exists, these
celhdea showing the smallest unstable pitching mo-
mentabelow the stall of any wing system tested.

Above the stall, the monoplane or a biplane having 40
per cent positive overh~a or at least +25 per cent
effective stagger, with or without small variations in
gap/chord ratio or decalage, gives better than average
stab’ti@-. A very small gap/chord ratio or negative
effective stagger has the opposite effect.

SUGGESTIONSFOR FUTURERESEARCH

I?rom the preceding outline of the general effects of
wing arrangement on the efficiency and stability of the
lifting system of an airplane, certain lines for future
investigation suggest themselves. Table I shows a
considerable field to have been covered in the present
research, but the intervals betwean test points have
necessarily been so large that more detailed investiga-
tion of limited portions of the field would be likely to
reveal wing mmbinations that are better than any
tested thus far. Omitting, for practical reasons, con-
sideration of the improved characteristics of such
abnonmd biplanes’ as those having gap/chord ratios
greater than 1.50, more than 75 per cent stagger, or a
combination of these features, the arrangements that
indicate the least loss in mtium lift due to biplane
interference are those having combined positive stagger
and positive decalage. Slight increases in either stag-
ger or decalage or both, with or without an increase in
gap, might produce a biplane equal to the monoplane
in maximum lift.

Of perhaps greater interest are celhdes showing a
tendency tmvsxdimproved lateral stability. Along this
line positive stagger comb~ed with negative decalage
shows the greateat promise. Reduction of the gap of

such cellulcs or the introduction of sweepbaok on both
wings should continue to improve conditions aufE-
ciently to warnmt a much more detailed investigation
of the combined effects of these variables.

Good longitudinal stability usually exists in laterally
stable combinations, but it is apparenl that high maxi-
mum normal force does not go with the other favorable
characteristics. C%msequently,it would be of consider-
able interest to determine the best celhde from the
standpoint of stability and then attempt to compen-
sate for the loss of lift on the upper wing by use of
flaps or slots. ‘

CONCLUSIONS

1. Within the range of this investigation the changes
given in the folk-wring table from the orthogonal,
circular-tipped, Clark Y biplane tend appreciably to
reduce mutual wing interference and raise the maxi-
mum normal force coefficient of the cellule. The partic-
ular celhde cited in each class b the best wing ar-
rangement tested.

‘“-%%$%--p’ c“-

-IWJ Wme----------------

$ggy~~~=:::==:
i$gkx$j===:
MonopLme---------------

Pa-llb

-
over or-
thogonal

ao
4.1
6,9

a 6

7.2
la a

2. Reduction in the range of initial lateral instabili@
is best accomplished by use of gap/chord ratios dis-
tiCtly lws than 1.0.

3. Reduction in the magnitude of masimum lateral
instability is bed accomplished by use of positive stag-
ger at a gapfchord ratio of not more than 1.0, or posi-
tive stagger in combination with negative decalage.

4. I?or the same location of the center of gravity with
respect to the mean chord combined positive stagger
and negative decalage shows the greakst relative longi-
tudinal stability below the stall.

5. Strong longitudinal stability above the stall is
best obtained by use of positive stagger in combination
with any other variable.

LANGLEY MEMO- bRONAUTICAL IJABOIIATOBY,

FJATIONAL AimsortY Comrrmm mFOR bE0NAuTr06,

bNQLEY lhLD, VA., @fo6er 16, i$i?~.
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CLARK Y CIRCULAR-TIPPED MONOPLANES,
5-INCH CHORD, ASPECT RATIO=6 TABLE VI

CLARK Y CIRCULAR-TIPPED BIPLANE, (7/c=l.00

‘%’iw&’%i%w
ALL OTHER DIMENSIONS ORTHOGONAL

a

upp3rw@ \ Iowerw@ mOa

‘r
G, G

II% --CL%

.44s

.M1 :%

.44s .77a

. 4s0

.46u i%?

.469 L142

.~ L12U

.U14 L(W

.653 LW7

.S09 L073

.60S L191

.fQ5 LMI

.611 L251

.Sll L421

.t&S L4S9

.316 L470

.!2?4 L47’2

.237 L470

C,Y CN c. ,/1

-o.ml
*. lm
-.071
–. W9
–. 0s2
-. Ma
-. 0#3
–. 043
-. #7
-. w
-. m
–. 132
–. 1F3
-. Ml’
-.195
–. m
–. !W
–. 312
-.361
-.367

%

am
L 010
.400
.341
.WJ
.%
.!ia4
:X&

.3W

:%?
,.410
.4(I3
.414
.4!22
.464
.477
.K12
.m

-C+b CN

)Cq

4
0
4

1:
14

$
m
B
26
24
36
40
m
64
70

%

4a34
-. cm
-.WI
-. ml
-.048
-.046
-.043
-.049
-.117
-. w
-. MU
-. m
-. lW
-.177
-.193
-. ‘X3
-. 26s
-. W4
–. 340
–. 362

0.4E.2
.4m
.434
.439
.49

:%!
.472
.S16
.s14
.512
.492
.4s6
.4s4
.4n
.476
.47s
.47s
.47B
.476

1.4ea
.432
.4W
.440
.443
.4m
.m
.470
..9M
.m
. Slo
.493
.466
.461
.47s
.4n
.4sl
.431
.4s2
.4s3

-0.139 -a329
.lm L 019
.344 .437J
.610 .%7

.314
$;

:%
L220 .276
L!2W &&
L07Q
.s40 .239
.6W .8s3
.094 .333
.m
.W9 :%

:% –:%
-. I@ .Mo
-. m :L#
-.’123

-1.113
.994
.479

:M
.2ZM
.2!W
.=
.2W
.3BI

:%
.m
.42a
.426
.447
.4b9
.470
.4UJ
.m

M&

.422

.442

.4E4

:%
.467
.4m
.491
.4%s
.4ed
.47s
.47a
.474
.466
.470
.467
.464
.467

a Ho
.Ha
.344
.ma
.m
:.

LISl
L!U!.6
L079
.951
.6a4
.943

i%
. ‘W
.Sn

:%
.674

-_:$; :%

-. on LKM
–. 0s9 L 017
-. M6 LW3
-.017 L 102
-. M LW4
–. m7
-. w

L@39
L 147

–. m?’ .m
–. 116 .7ES
-.322 .e46
-.132 .6s.2
–. 133 .E82
-.137 .459
-. I&5 .W
-.116 .m
–. 143 –. lm
-. le9 –. ml
-. Is4 -. a34

1



..

coarhuTmm336 REPORT NATIONAL ADVISORY

CLARK Y CIRCULARTIPPED BIPLANE, STAG-
GER/CHORD=O.50

TABLE X

CLARK Y CIRCULAR-TIPPED BIPLANE, (7/c=O.75 ,
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TABLJ3 XVITABLE XUI

ULARK Y CIRCULAR-TD?PED BIPLANE, ~/C= 0.75;
STAGGER/CHORD = 0.25

ALL OTHER DIMENSIONS ORTHOGONAL

1 I !

CLARK Y CIRCULAR-TIPPED BIPLANE, Q/C= 1.26;
sTAGGER/cHoRD=o.50

ALL OTBER DIMENSIONS ORTHOGONAL

CanrlleL& wing I Upperwb I Immrwm I COude

C=,n t
a —

- ACll = l-=--l-=% -l–%CJ7

11—
!grWd

-8 -: ;Cg -am
–4 .ii?a

o .4.?3 .378
4 .W .320

.%3
i i% .274
14 1.I&) .m
16 L2W .2ss

.257
: :%
2a ..ss5 :%
25 .62a .319
30 .&w .313
35 .748 .810
40 .737 .ala
Ml .7a6
00 .W2 :Z
70 .430
m .m –:%
w –. W2 .Sb2

vgre

!
-8-a a97
-4 .ml

o .4m
4 .755

i i!%
14 L840
: ~~

20 1.0!28
22 .W5
25 ,m
m .m
24 .&36
40 Lm
M L(W
00 10W
70 L MO
80 .769
w .02s

~g 4. y.J -

.449 .297

.449 .519

.452 .721

.453 .&o

.460

.470 i%l

.4E3 L lm

.624 L 198

.551 LW7

. 5M L397
:g ~&8

.Ml L3M

.407 L 478

.495 L484

.alo L 449

.943 L 4772

.m L432

-: 2&

.4s4

.878

.233

.318

.310

.am

.Sm

.m

.203

.322

.334

.432

.441

.449

.&s

.47a

.4W

.Sla

-u #o L545
–. m L358
-. SW L4M
-.048 L2S2
–. m L 246
–. ml LZ39
–. m L 184
–. a24 L 141
–. am L057
–. m7 .=
–. K@ .494
–. m .446
–. I@ .492
–. m .SFa
–. 197 A&l
-. no
–. !xU .444
–. ma .!227
-.230 .m
–. 289 –. M

-o. as9 0.787
~ ~, ;&&

–. w L231
–. ml L 270
–. m L!23’O
–. m L240
–. m 1.137
–. am LM2
-. lWJ .812
–. 147 .m
–. 174 .789
–. 192 all
–. m .8X4
–. X&l .ma
–. 2b9 .776
-. m .723
-.201 . no
–. 2s32 .528
–. 231 .019

:/g -o. w
.142

.440 .35s

.452 Jg

.433

.404

.4&a i%!

.wl L 102

.455 L2UI

.4s3 LlE41

.476 L~

.423 L 010

.43 LM8

.4?s L@S

.407 L~

.434 L 104

.46s L072

.473

.474 :=

.476 .W1

‘o.816
.750
.W3
.m
.a@
.ZW
.ml
.224
.291
.347
..Q3
.am
.ss3
.307
.3M
.403
.4m
.391

-i 1%

0.487
.423
.440
.447
.447
.451
. 4s2

:%
.L?41
.&a
.497
.487
.478
.4Q

.:2

.481

.4f8
L6W

@m
I.%

.a74

.22s

. alo
IS&

.!2?4

.295

. au

.410

.4!M

.428

.434

.440

.404

.474

.497
all

0.4M
.437
.448
.452
.454
.4M
.450
.404
.473
.4.%
.499
. 4n
.473
.473
.470
.463

%
.471
.439

1 , ,

TABLE XIV TABLE XV_JlI
CLARK Y CIRCULAR-TIPPED BIPLANE, G/c= 1.25;

STAGGER/CHORD =O.25
CLARK Y CDK!ULAILTIPPED BIPLANE,

DEcALAGE=-6°
ALL OT~R DIM33NEIONS ORTHOGONALALL OTHER DIMENSIONS ORTHOC+ONAJJ

e

ams
-.557
4. 7m
4.45
!L4EJI
L9W
L 7~
L540
L 414
L218
.853
.334
.735
.em
.W
. 4aa

-: E
-. m
-. m

Uppw Vrklg LowerWing upp3r Whg 1.av6Twing

1

CN

a

-1-%% C.di
a

-1-C9v G C= ●n

Wrr

-4
0
4

1!
14
16

;
n
25
80
z
40

8

z
‘m

1.L54 -fLI&9
.4m –. 076
.445 .174
.KJ3 .417
.4M :e&
.453
.467
:.4& :9

.457 LIZd

.457 LOB

.4M L 012

.4s3 .&Pa

.4n .954

.473 .W7

.407 .%s3

.401 .m

.4E3

.464 g

.466

-~;C# -0.. 0.413
.4KI

.429 .412 .445

.6M .337 .449
. alo .44a

i% .2%7 .445
L2&2 :g .451
1.324 .457
:&o .2$3 .4m

.510
,.m ;%J . ma
.Wo .497
.849 .839 .491
.Um . am .491
. ml .X33 .4s7
.W7 .376 .4.s3
.&la .432

:% .M4
-: E -. w
-.173 .432 .294

-0.114 -0.591
. lls Ll18
.X0 .m
.621 .631
.731 .323

. an
i%! ;%
L 137
L187
L227 :%

?% :E
Ll12 .413
L 176 .425
L2@ .4%
L3k3 .440
L411 .450
L433 .478
L450
L4M :%

U& -a 107
.144

.429 .3s4

.429 .&m

.434 .&n

:% :%
.442 L 231
.451 L2TA
.401 LOX
.480 .M2
.4E3
.478 :%?
.476 L(B9
.489 L695
.409 Ll@
.4m L 147
.4m LCLS7
.473 .m
.474 .628

-yg
–. OE4
–. &m
–. M9
–. Ml
–. coo
-.032
-. a35
–. 104
–. 140
-. 15s
-. ms
–. 177
–. lW
–. 220
–. m
–. 216
–. 234
-. 2%9

a M4
.m
.433
.6s0

i%
L l&9
L!BO
L2W
L 237
.049

t .s37
.761
.764
.745
.610

-: E
-. laa
-.117

-o.m am
.432:$%.m
.449%! .450

.237 .451

.m .4E41

.279 .46a

.m .4T3

.293 .4W

.m .5.5s

. a72 .529

.354 .501

.342 .LYN

.m .497

.277 .m

. KG ;%

.716

.m .3W

.487 .m

-a am
–. 36s
–. 092

.153

.370

.587
X&

.912
L 015
L 117
L 216
LCQ7
L 144
L!2B
L320

%
L407
L407

am

–: z
.E3u
.414

;%

.alo

.aM

.203

.301

.349

.42%

.427

.437

.448

.4!3s

.431

.504
I J

CLARK Y CIRCULAR-TTI?PED BIPLANE, ff/c=O.76;
STAGGER/CHORD = 0.50

CLARK Y CIRCULAR-T17PED BIPLANE,
DECALAGE= –3°

ALL OTHER DIMENSIONS ORTHOGONALALL OTHER DIMENSIONS OBTHOQONAL

upperWiw Lovm wing COtIoleLmveI’ TIrlg Cdhlln
a—

CN
a

CN

o m
.213
.4U5
.776

L~
L239
L a19
LWI
L@?.O
. ns
.7H
..sm
.734
.2%0

i%!
L6Z5
.970
.m4
.445

Cif c. ./4 CN CM–!--C.anr%=

a 772
.7W
.375
.323
.2M
.278
.2n
.m7
. a19
.m
.343
.Xm
.347
.357
.376
.an
.=
.Wa
.311
.Is7

CP?

Q455
.432
.444
.446
.445
.4BI
.457

: F1
.E30
.617
. Slo
.496
.m
.430
.4n
.4E4
.481
.491
.491

CM

-0.m
. cm
.m
.474
.es
.844

i%%
L 242
L=
L439
L4W
L4%
L41XI
L284
L 410
L4M
L446
L422
L3Z3I

G- Cp,

-aL :49J

.554

.a#2 %
.43

:% .402
.am .432
.a17 .ma
.an .457
:g .463

.4@
.3ZI .475
.W4 .m
.420 .463
.444 .430
.454 .4.5
.451 .471
.4i7 .4n
.499 .4T2
.617 .472

e 8

)Wreu
-8
-4

0
4

1!
14
16

z
n
26

%
40
60

:
En
@l

-am -a04a
~~ –. ma

-. m

$iJ~g
L 014 -:049
L 107 –. w
L 176 –. 0L8
L192 -. WI
L07B -.073
.m -.117
.917 –. 136
.974 –. 169
.M4 -. m
.054 –. lz!a
.837 –. 119
.eaa -. m
.W3 –. lea
.Wa –. 172

kgreed
–8 -0.076
-4 . lm

. m
: .Wo

: i%!
14 L 140
16 L 216
la L27B
m L270
22 .092
25 .&al
30 .723

.7%3
X .5!4
W .632
m
m -: E
m -. m
Ml –. HI

-a m -am
.147 –. on
.am –. 042
.626 –. 034
.W1 –. ola

LCM2 –. m
L 146 –. m
L 217 :::
L 138
L CC31-. lW
L 074 –. 163
LOW –. 18.5
L 144 –. 210
L 14S –. 230
L lb9 -.245
L !210 –. m
L241 –. 270
L~ –. .m2
y ;fi ~g

.: ~
.447
.34s
.a~
.292
.’@)
.%l
.2s3
.2s
.M1
.361

:E
.acm
.244
.W4
.E30
.E.22
.591

a207 a 499
-L 041 .476

.&m .437

.443 .431

.252 .453

.322 .455

.312 .449

.W=s .455

.W1 Ag

.m

.2W .474

.335 .4W3

.@ .4s4

.429 .474

.431 .473

.4s4 . 4m

.4M .4Z2

.4%3 .467

.409 .459

.Em .4e4
I
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TABLE XXII

CLARK Y CIRCULAR-TIPPED BIPLANE, ~/C= 1.26;
DECALAGE=+3°

ALL OTHER D=NSIONS ORTHOGONAL

TABLE XIX
CLARK Y CIRCULAR-TIPPED B~LANE,

DECALAGE=+3”

ALL OTHER DIIKENSIONB ORTHOGONAL

I upperwing Lower whg CendeLm-er wing I C%nrlla

“ ‘F
.. —

c,, CM
— —

-——i—a
C*

p&

.4Ea

.%32

.328

:%
.291
.2W
.2%9
.370
.333
.3t!4
.363
.344
.802
.109

:%
.616 T

Cx c,,

1.4. O.aw
.4M

.380 .441

.337 .449

.2JM .466
.406

g .476
.491

% :%
.46 .497
.4m .483
.423 .482
.441 .477
.437 .472
.462 .489
.47Q .476
.4s .474
..5)1 .409
.620 .469

f?N

-o.a37
. 1%3
.449
.701

i%
L 102
L lw
l.cr&

.910

.910

i~

;:

%
.061

c. ●J1 e

— —

~: g -L 760
.277

-. 07u .Ella
-. C80 ,703
-. w .867
-.047

.047 iE
-. am L 132
-. am L a76
-. 12s .882
-.134 g
-.139
-.142 .OaJ
-. M3 A&
-,163
-.107 .484
–. 140 ,310
-.133 -. m
-.104 -.112
-. lsl -,114

CR

+

c?, CN c. .14 e

!zJrea 1
=2Ik%u
!1 :%

JI i=
14 L 17?2

L284
;: L 191
m
22 , :%
26 .746
30 .772

.Em
% .7%3
m .m?
m

-: E
z –. 137
90 –. lea

:2 a lW
.alo

.453 .693

.464

.4ba ig

.467 L123

.400 L 161

.401 L 105
.a59

:%!
.634 i%
.W L 076
.692 L 161
. Em L261
.4W L3M
.Mr3 L440
.630 L440
.W3 L483
.344 L430
.246 L439

-a 106
.077
.ma

:E
m~~
.872
.707
.34CI
.074
.lw
.@o
.4s3

-: %
-.107
-. IM

4:: :%

.473 .476
.4rm

:% .465
.2’33 .467
.’2?5 .4@3
.276 .43a
.332 .1512
.3s3 .650
.344 .639
.338 .514
.ml .KM
.a14 .m
.m .m

-: g :%
.a~

.634 .249

.6M .279

: ;6J 0.891
.640

.6s3 :g
:7&

. ala
L12B
L MI ::
.m

i%! ;~
LIMO
L 158 ..4m
LZ33
L2Q3 :g
L403
L460 .443

.431
W .471

.m
:%? .624

:% -
.437

:i%
.4?3
.Asl
.606

:%
.4s53
.485
.47Q
.470
.474
.470
.476
.409
.4M
.409

-o. cm
.197

$?

i:
L 142
L130
L023
.Ua7
.Ps4
.=
.964

i%
.97?2
.860
.m
.37a
.0s4

-0.073
–. ox
–. 070
–. C67
–. MO
–. m
–. CM
–. 076
–. Km
–. 116
–. 121
–. K%
–. 133
–. Iw
–. 140
–. m
–. 116
-.144
–. 173
–. I&w

-L Uf9
.242
.443
:%

.s32

k%
L 174

%!
.&w
.643

:Z

:Z
–. 103
-. m
–. m

TABLE XX TABLE XCfII

CLARK Y CIRCULAR-TIPPED BIPLANE,
DECALAGE= +6°

CLARK Y CIRCULAR-TIPPED BIPLANE, (7/c=O.76;
DECALAGE= —3°

ALL OTHER DIMENSIONS ORTHO(lON&G ALL OTHER DI&C3NSIONS ORTHOGONAL

CdlrlleIamr wing C!%lM3 I uppeTwhg ! Low4rwk!,

a

-1=CM

I
c,, Cx “ Cp

14m .m76 a.m
L181 .343 .3S3
.47a .8s1 .245
.467 LU33 .818
.461 L131 :%
.449 L128
.4m .SiQ .W3
.422 .= .411
.615 .us
.mo i%l .425
.623 Ll16 .46
.K8 L181 :~
.lW7 L279
.~ L2$’8 .431
. 6il L442 .433
.~ L469 .461
.&S1 L619 .471
.3U3 L4W :%
.267 L437
.283 L470 .&Z9

G CY

o.w
.3m

:%
L WI
L NM
LW
LIM
.s33
.!3M

:%!
. ‘w

L WI
LW
.Q34
:S#

.m

.676

c. .14

-a Cm
–. ml
–. 070
–. W3
-. W3
–. am
–. m
-. w
–. m
–. lm
–. lm
-. In
-. m
-. m
–. 140
-. Ia4
-.124
–. 157
-. ml
–. lm

c,* c,,
—

CL376
.444
.469
.461

:%
.403
.470
.476

:%
.E38
.614
.621
A&

.853

:E
.197

e

-0.678
.014
.246

%!

I:Z
L&

%
..336
.ml
.m
.462
.396
.au

–: E
–. 074
–. C&2

$a

.B4

.373

.ale

.ma

.-x-i

:%i
.343
.33s
. a17
.au
..231
.m
.179

-. m
.614
.484
.497

.0419
.432
.440
.M
.405
.491
. ml
.404
.4ss
.4%3
.491
.47B
.473
.472
.471
M&

.471

.437

.4e5

-_:g
.173
.?46
.670
.?Im

:%
LC52
L 117
L 178
L242
L2JI
L2Q3
L4W
L437
L 618
L 4m
L 490
L%

0.012
-L 3Q7

:E
.372
.320
.a14
.307
.3M
.aw
.293
.349
.413
.430
.446
.440

: ~o

.Em

-a 173
.W
.m
.497’
.715
.m6
.976

L 076
L 12J
L 169
L 142
.%30
.w?
.W1
.942
.W4

:%

:%

-a 077 a 164
-. m -2 em
-. ml 1430
-.034 L 876
-. am ‘Lm3
-.043 L366
-,044 L 240
-. w L 192
-. (MO L HI
-. ofa L 070
-. 04s .E34
-. ml .665
-.124 .407
-.123 .438
-.130 ,340
-.116 .216
–. 103
-.140 -: %4
-.134 -. w
-.174 -. w

-L 636
.763
.397
.B4
.303
,231

:%

.m

.m

.349

.31a

.%%

.218

-i %
.617
.5s2
.690

1

TABLE XXI

CLARK Y CIRCULAR-TJJ?PED BIHJAN33, G/c= 1.26;
DEcALAGE=-3°

CLARK Y CIRCULAR-TIPPED BIPLANE, (3/0=0.76;
DECALAGE=+2”

ALL OTHRR DIMENSIONS ORTHOGONAL &LL OTHER DMNSIONS ORTHOGONAL

Lower wing IIKnverwing c!dhde

a
CR

a

T
.—
c,, @

cl~o -aom

.438 :?3

.462 .887

.466

.41m iE

.470 LOX

.483 L142

.499 1.k5J

.492

. 4W .w

.C@3 .m

.478 . MD

.472
: :&l g

.409 .764:

.4m :%

.406

.4n .6s-7

-1-C/i “C*-1-Ga G,CJ7 c% ./4 e

-: g a4a2
.423

.4m .451

.369 .449

.317 .461
.469

:% .402
.!B3 .469

.477
:s! .m
.3$5 .646

:E :%
.&m
.3M .499
.394 .m

i% :%?
.4m .333
.m .270

-am
-.106

.137

.m

.Sr2

.823

i%!
L129
L lECI
L216
L&?S

:%?
L 217

Hfl
L 618
L 610
L439

ama
.016
.%2

:$%
.819
. au

:%

:%

:E
.s3
.48r

:%
.470

:=

a489
.449

:%%
.467
.466

:%
.433
.478
.4m

:%
.475
.477
.476
.473
.476
.4m
.476

-a040
–. ml
-. C@3
–. on
-. ma
–. m
–. m
-.043
–. m
–. 048
–. 079
–. lm
-.140
–. 161
-.166
–. m
–. w
-. m
–. lm
-. m

-a m
. fM7

:%
.763
.940

:!%
L 139

:E
. E30
.664
.448
.an

-: z
-. m
-.101
-.104

-a w a 410
:g .624

.472

.4M
:= .461
.276 .466
.Z23 .466
.ZM .464

. 4U3
:%’ . E31

g :%
.6m

.214 .ma

–:% :%!
8.034 -. la
.470 :lg

%? .219

Ill&

. ml

.812

i%
L160
L 142

i%
L 1C4
L 274
L343
L424
L4W

%
L405
LEOl
L40

-_:g
-. w
-. ml
-. ml
-. m
7. CQ2
-. m4
-.070
-.110
-.121
-. m
-.134
-.133
-. H2
-.110
-.134
-.133
-.172
-.184

I

-1



DISTRIBUTION TESTS ON CLKRE Y BII?LANll CJWLUI@lS WITH KQEEMONCFI TO STAB~ 339

TABLE XXV

CLARK Y CIRCULARTD?PED BITLANE, STAG
GER/CHORD= +0.50; DECALAGE= +2°

CLARK Y CIR CULAR-TIPPED BD?LANE, STAG
GER/CHORD= +0.26; DECALAGE= –3°

ALL OTHER D~NSIONS ORTHOGONALALL OTHER DIMENSIONS ORTHOGONAL

Lewer Wing I -1upperwing Lower wing

e

-a826
;&z

i~
L121
L 130
L 130
LLIM
.732
.W4
.723
.710
.713

:%
.712
.693

%!

-kCN Cg.sc,, c,,
—

CR c. ‘N

-a m
–. lm
–. w
-.074
–. am
-. m
–. w?’
–. 027
–. w
–. 137
–. 192
-. Im
–. m
–. 233
–. 249
-. m
–. m
–. m
–. 2%3
-.292

CM

I
C- cp,

-CL~ ~&6

.412 .4M

.?43 .447

.815 .4W

.236 .4M

.!289 A&

.286

.m .476

.W-9 .614

.352 .633

.382 .610

.W3 .498

.3W .496

.381 .406

.341 .@

.m .497

.Iw .W9
~g –:~

c,, CN

0.!B6
.W4
.W1
.Wo
.734

i8%
L 124
L 187
L lTJ
L048
L 018
. ‘au

L643
L071
L UM
L W
.Wu
.ns
.tm

c. ‘R e
— —

-u 024 a 231
–. 076 -L6m
-. W7 am
–. C@) 2 la
-. Ml L@3
–. m L 470
~g :.0

-. m L.W3
-. am
–. 111

LW6
.687

–. m .662
-. ml .W3
-. 1%) .6W
-. m .W1
–. m .618
–. 207 .6W
-. m
-.234 –:%
–. 237 -.094

-a373 a264
–. 113 –. 631

.134 ~ LO

.319

.646 .376

.760 .338

.664 .3’28
.817

i%i .311
LIW .W3
LWO .W7
LW5 .W9
L KG .416
L 246 .441
L.W7
L 37U :$%
L426 .4E3

.471
k% .4M
L446 .m

a @s
.181
.429
.ml
.921

L 130
LW2
L279
L 313
L 1S9
.Sls
.7W
.S18
.845
.846
.846
.783

-: E
-.138

CLARK Y CIRCULAILTIPPED BITLANE, STAG
GER/CHORD= +0.50; DECALAGE= –2”

!LARK Y CIRCULAR-TIPPED BIPLANE, DJHEDRAL
= +3° ON UPPER WING

ALL OTHER DT31ENSIONS ORTHOGONAL ALL OTHER D~NSIONS ORTHOGONAL

Lmverwhg I Ceme

W*

T
c,, C’v

:48; -~~o

.443 2&

.443
.776

:%
.W 1:%!
.467 L 176
.@ L144
.4W l.m
.4W LW3
.479 LW4
.478 Low
.4W :.
.436
.44B L21O
.4S3 L!M6
.467 L2W
.469 L 101
.471 .843

a

c. *n Cfl GIGS CR c. *I4 ea

0.114
-L 766
4010
2310
L S31
LWi5
L6W

2%
.’718
.833
.Wd
.731
. 76s
.776
.786
.746

:%
.161

)egne
–8
-4

0
4

1!
14
16

E
zl
26
2$
33
46

a

2
w

-: ;; 0.430
.444

.4s3 .467

.3F3 .462

.!iw .46s

.W3 A6J

.?31

.276 .471

.Zn .478

.362 .6W

.W$ .6?4

.347 .Wa
.W

:% .6W
:g X&

-: g .673
.316
.X@

:Z .2M

-a043
.W7
.461
.741

L 033
L 215
L267
L867
L 169
.914
.844
.783
.806
.940

i~
1,w
L 010
.773
.234

-~ p3

.326

.38s

. 3a5

.2W

.291

.234

.s36

.381

.372

.384

.3W

.374

.3.W

.361

.4W

.390

–: E

a 615
.431
.449
.446

:%
.460
.471
.4%1
.6M
.Mo
.&m
.486
.4s
.477
.477
.482
.486
.4%3
.626

-(la 0.214
-. 4!33

.115 L 146

.321 .612

.647 .3ra

.743 .349

. $&d :%

i% .318
L272 .313
L333 S&
L%
1.223 .403
L240 .434
LW2 :~
L 870
L420 .447
L449 :~o
L429
L 462 . m7

-a 034
–. CM
–. 042
–. 022
–. m
–. 033
–. W7
–. 013
–. ml
-. lw
-.149
-.168
–. lw
-. sll
–. !223
–. 247
–. 267
–. !236
–. 274
–. 240

-o.W4
.192
.448
:g

LIW
LIW
L27B
L320
.9W
.778
.7!23
.7M
.776
.7W
.m

–:%
–. lw
-. lm

-: g
.318
.6W

i~
LOW
L lM
Ll12
L lW
LW4
LW2
L 162
1.234
L 310

W
L 610
LlW4
L612

Q.m
LWJ5
.456

:%
.2W
.232
.%
.292
.3W
.%-7
.411
.421
.426
.4ZZ
.446
.463
.472
.494
.618

: 6-9; –a m
.160

.447 .s$3

.464 .&w

.464

.4s2 i~

.4W LIW

.467 L 216

.486 L 216

.4s4 LW6

.493 . W

.484 .W4

.476

.473 i%?

.4m L 018

.472 LOW

.470 .914

.4$8 .670

.467 .F&9

.48a .694

TABLE XXVII

;LARK Y CIR CULAR-TIPPED BIPLANE, DIHEDRAL
= +3° ON LOWER WING

CLARK Y CIRCULAR-TIPPED BIPLANE, STAG
GER/ CHORD= +0.26; DECALAGE= +SO

ALL OTHER DIMENSIONS ORTHOQONMJ ALL OTHER DIMENSIONS ORTHOGONAL

Imver wing I C%Llde II U- wing
I

Lower wing Cdlule

-l–––l–CN C.d4 e
-i -

e

LW4

i%
LUi7
LIW
Ll12
LW
LWI
L 119

:E
.W7
.548
.6W
.@
.WO
.167

-.100
-. m
-.087

1c,, CN c,= 1c,,

a

c. q
— —

-: g 0.465
.4s8

.4W .455

.346 .461

.3W .448

.%7 .4W
.4W

:E .463
.278 .4W
.307 .462
.W3 .6$I
.3s ,W13
.S13 .Wo
.316 .W3

-;!j ;!

.478 .!234

a rCN c,. CM

a 131
. Ill

:E

i%!l
L 132
LW2
L277
LGW
.760
.m
.66U
.e52
.m
.483

-: E
-.124
-.130

G, I G c. .\t

-am
–. 10-4
–. 074
-. UM
–. w
–. 040
-.041
–. 043
–. 046
–. a31
-.116
-.116
-.134
–. m
–. 133
–. lw
–. 117
–. 146
–. lm
–. 1s0

M&I -

.44

.449

.4M

.460

.462

.463

.476

.4W

.487

.496

.476

.469

.4e6

.463

.466

.43

.464

.486

-a 161

;~

i~
LW2
LZW
LEM
.910
.7W
.7.M
.W3
:=

.809

.746

.478
-.026
-. 1?.1

M& 0.376
.421

.388 ;~

.246

.318 . 46s
.X14 .4W
.X)2 .473
.2W .453
.W4 .4W
.3s9 ‘ .491
.4(8 .494
.4W .&
.441, .4n

;% i :~

:fi I :%

.494 I .470

.6Z; .473

)e#ret
-8
-4

:

$
14
16

:
23
26
36
36
40
60
m
70
Eal
‘w

-a 102 -a 910
.lw l..
.234
.6s0 ;g
.7V2

.3W
i%? .237
Llll .237
L 140 .%
L 163 .M1
LKU .Wa
L lC@ .4!32
L2W .431
LWQ .4W
L361 .429
L4W .446
L4X3 .4%
L 461 .474
1.m .496
L 498 .6!23

a x3
L 013
.418
.338
.310
.2%$
.%
.280
.al
.346
.366
.34-9
.Zm
.246
.346
.331
.297
. u7

2270
.446

\42J am
.327

.466 :g

.461

.461

.454 i%!

.457 L 141

.465 L 161

.Kll L 116
:% LOW

L 107
.49s L 182
.466 L269
.4s7 L 317
.4s4 L2&5
.4s7 L 437
.497 L466
.611 L 465

-.6s3 L468
.232 L401

-L 004
.m
.554
.841
.947

L 018
LW4
L120
L 010
.s23
. n9
.846
.W3
.626
.805
.Wa
.ml

–: E
-. 6s3

-a 117
.lLu
.346
.6W

i%
LW7
L 167
LXE3
L 101
.%36
.891
. !M6
.*
.W2
.861
.s29
.W8
.@
.W4
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TABLE ~

CLARK Y CIRCULAR— TIPPED B~LAN33,
S’WEEPBACK= 10° ON UPPER WING

ALL OTHER DIMENSIONS ORTHOGONAL

TABLE XKXIV

CLARK Y CIRCULAR-TIPPED BIPLANE,
SWEEPBACK=5° ON LOWER WIN(3

ALL OTHER DIMENSIONS ORTHOGONAL

UpJRrwing I I.awerWJOgI CdJllle
a

CM

C.eJMe14wer wing

c% Cpa
— —

G= c. ./4 e
CN

-aJm
.104
.!M3
..m
.mi
i%!
L lE3
L 231
L lJO
.701
.619
.m

:%

-: %
-. Ja7
-. m
-. lJ5

G

-0.m
:Ig

.360

.32J

.303

.230

.2s2

.!282

%’
.336
.319
.W

-: %
.643

:%
.672

CR f%= %

-0.039 -0.674
.146 . 9J5
.W6 .462
Al& :~

L lIM
LIES :%
L% .233
L 3J3 .276
l.~ .362

.362
.7M .361
.7WI .346
.764 .m
.% .322
.6s) .%
.Cul . Pas
.140 –. Zm

-.132 .m
-. las .469

: y4 –o.w
-. lMJ

.460 .=

.4M .&a

.449 .772

.462

. 4e4 i%

.470 L lW
; :~ LJZ7

; ;fl
.344
.517 L 159
.m L Kx3
.510 L266
.66s L321
. m3 L@
.648 L 439
.919 L@

:%1 i%

.: g
.&m
.376
.334
.309
.WQ

:%
.30s
.2s3
.362
.4M
.424
.m

;Z
.473
. 4M
.517

:g -o. m
.163

.440 .341

.448

.466 %!

.481 LS30

.463 L lJ4

.469 Ll&J

. 4m L 219

.476 L 101

.4&J

.4ti :E

.459 .976

.460 L 010

.469 1.M3

.455 L 051

.489

.483 ;%

.4s.9

.467 .676

-_:~
-.076
-. OM
-.0443
-.046
-. OJo
–. Cm
-, a37
-. WI
-. m
-.136
-. M4
-.162
-.183
–. lm
-.107
-.166
-.215
-.262

L624
.912

LW2
L~
L lCO
L 140
L 142
L 140
L 166
.e2.7
.766
.617
.638

:%
.478
.362

-: @
-.074

-a ml ims–.lm .m
–. 072 .Sm
–. 022 .917
–. MS .WJ
–. W3 .690
–. m L 010
–. 047 L~
–. 078 L=
–. 07s L 100
–. W4 .726
–. ma .5s3
–. ma .622
–. 073 .4%
–. w .314
–. 015 .C@3
–. m –. Ma
–. m –. a%’
–. w –. Cm
–. 079 –. m7

0.405
.4s3
.472
.&a
.443
. 46J
.447
.4K4
.451
.443
.496
.4s3
.485
.&
.m
.2E3
.517

:%
.324

-cLJx4

:%
.6JS
. ml

i~
LC@
. S76

L 010

i~
L129
L 240
L 331
L462
L623
1469
L4.%5
L 4B

4.523
LlS9
.@
.283
.324
.m

:%
.381
.Zm
.407
.4J6

%
.434
.434
.466
.473
.491
.6U

a 483
.403
.4’20
.4.5$
.431
.466
.4bs
.473
. 47J
.433
. 4%5
.4aJ
.47s
.476
.472
. 4tM
;%

.469

.466

-aJ36
. no
.311
.694
.7U9

i%
LJ&5
L 103
L Ml
.W

%%

:%!

: “E
.S71
.623
..222

TABLE XKKU
TABLE XXXV

LARK Y CIRCULAR-TIPPED BIPLANE, STAG-
GER/CHORD= +0.25; SWEEPBACK=6° ON UPPER
WING

CLARK Y CIRCULAR-TD?PED BIPLANE,
SWEEPBACK=5° ON UPPER WING

ALL OTHRR DJMRNSIONS ORTHOGONAL
ALL OTHER DIMENSIONS ORTHOGONAL

Uppmwhg I Lomrwim Ceuulo
IHxielTvJng Cdlda

a

CR Cfl c,, C/l UN

0. m
.m
.346
.6U4
. ml

L@7
L~
L 201
L226
L 158
L 0J2
.960

i~
L064
1.066
L W1
.s39
. e49
.6W

c“ ,/4 e

D,w
L68S
1.342
L 180
L 211
L 214
L l@l
L 176
L 132
J.%

.Im6

.845

.618

.690

.m

.381

.134
-,101
-.m

G= cl+ c- ●IJ e

LC@J
L(XL3

i~
LW3
L W
L M9
L m
L 1S9
L 104
. 7m

:%’
A&

.JW
-. KO
-.117
-.076
-.073

:% -o. lm
.107

.46J .205

.46J .664

.444 .751

.462

.463 i%l

.46s L 164

.474 L 149

.m L 140

. 6J9 L!M8

.497 L 194

.m L23M

.600 L2W

.4%5 L326

.484 L402

.474 L 4LUI

.31?J 1.476

.342 1.443

.2M L 428

-: ~ -a 676

.3W :E

.663 .352

.911 .311

:E ;%
L~
L?@ .Z3J
L 172 .27s
. n6 S&
.723
. nb .347

.349
;% .ss0

.20s

:%% –: E
–. 146 .613
–. 124 .474

a 657
L203
.602
.333
.342
.319
.3CE.
.W

:%!
. 3J3

:2

.436

.446

.461

.478

.W2

.617

:g
.42a
.462
. 4&5
.463
.455
.470
.471
.4W
.404
. 41W
.402
.486
.4ss
.468
.467
;4$

.462

-a w
-. CF2u
-.072
-.071
-. m
-. w
-.652
-.049
-, CM9
-. Cs3
-.104
-.160
-.163
-.175
-.182
-.180
-, m
-.174
-. n3
-, m

.: ~
.322
. mJ

i~
L 117
L 216
1.m
:&o

.m

. 6J6

. 6J0

.62%

-: %
-. In
-. L12
-. K@

-0.403
L C47
.46

%
.202

:E

:%!
.%s
.2s4
.312
.!229
.M8
.016
.Q36
.479
.bso
.621

L3-34
.491
.469
.449
.443
.463
.466
.4b5
.469
.47U
.6J9
.403
. 4e5
.4s9
.4m
.477
.=
.329
.28J
.273

4. J23

:E
.EaM
.7&3
- SW

LW6
LJ12
LC@5
J.W5
L021
LOM
L 170
L265
L3f4J
L434
L629
L4S3
L 493
L 4%3

-0.670
L 146
.477

:%
.,?W
.202
.m
.303
.3s0
.4a5
.al
.m
.426
.m
.439
.&w
.4m
.4s3
.616

-clJ2-3
.Jm
.23
.6W
. 8J4

L 016
L WI
L 164
L 194
Loss
.%9
.E03
.W3
.=

::

.667

:%

-aW’a
–. la5
-.070
–. W7
–. M9
–. ml
–. 045
–. w
–. &u
–. m
–. la3
–. 101
–. 102
–. m
-. ml
–. w
–. w
–. m
–. lJ6
–. J&9

LARK Y CIRCULAILTIPPED BIPLANE, STAG-
GER/CHORD= +0.50; STKEEPBACK=lOO ON UPPER
W(NG

CLARK Y CIRCUZAR-TIPPED BITLANE,
SWEEPBACK= 10° ON LOWER WING

ALL OTHRR D~RNSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL

I

CN

CeJJnle

T
c- ●u e

-UK L31Q
–.W9 1,24s
–.W3 Lm
-.058 Llse!
–.64s Lxo
–.642 J.X9
–. C!34 LJS7
–.4?$!S L18J
–.W% L173
–.043 L046
–.138 .m
–.lm .em
–. 174 . 69J
–.183 .083
-.lW .@
–. no ..MO
–.2J4 .m
-.214 .323
–. 244 . C67
–.273 –.M3

Upm WJng I Iawerwimg I C!$JJJlde I

‘rc,, CJ4
_—

:g -0.164
.135

.U6 :%

.461

.462

.466 i%

.470 L 139

.4m

.474
L224
L!U15

.473 1.178

.4s7 L056

.466 LW

.4M L 001

.473 LOM

.4m LCE3

.473 L124
;% J..

.4m .323

.476 .&w

e
a rCM f% CR I_- —

).Ul -a m
.463 .C@5
.461 .276
.447
.46J :%
.403 .91s
.46J L mo
.464 1.Jzil
. 4ea LEs3
.461
.4s5 i%
.474 L276
.471 L n4
.482 L281
.462 L?36
.444 L 416
.421 L&
.340 L4&0
.027 L627
.26s L460

CN

a w
.125
.346
. 6J.2

i~
L 109
L 192
L228
L 17Q
LO13
.%8

i&!
LCEW
L 107
L071

:E
.6n

CN Cp
. —

-&Cm&-: y.J

.443 A&

. 6m

i%
L!L52 :%
L 3J8 .272

% :%
.&m J&
.737
.787 .3&4
.J?sa
.mo :E
.m .346
.7J3
.46J :%
. lW –. 366

–. JJ9 .62$

%

4J.4m
1.401
.626
.376
.s39
.316
.Zm
.m
.235
.3s3
.2W
.W2
.423
.435
.432
.446
.46J
.474
.494
. 6J8

c“ ,/4

-a ml
–. Ou2
-. cm
-. O&3
-.043
-.637
-. ml
-.030
-. SJ7
-. w
-.120
-. lM
-.174
-.191
-. m
-.216
-. !221
-.221
-.246
-.276

-a 102
.161
.s

:E
L 143

;%!
L323
L2J7
.343
.no
. 3J2

:%
.F34
.7’!20
.463

-: E

-0..5s
.ss
.423
.239
.3W
.2Q3
.273
.m
.276
.m
.370

:=
.35s
.36J
.344
.Zm

–:%
.524

!.453
.452
.4M
.462
. 4to
.449
.469
.461
. 4m
.J!OJ
. ma
.6!23
. 6J5
. bJ6
.6J9
.E?4
.666
.669
.SW
.041

0.676
2E0
1.623
L 3n
L2S2
L m
L260
L 167
L@J
.916
.016
.s78
.648
:%

:E
.311
.071

-. am
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TABLE XXXVII TABLE XXXIX

CILARK Y CIRCULAR-TIPPED BIPLANE STAG
GER/CHORD= –0.60; SWEEPBACK=lOO 01$ LOWIX
WING

CLARK Y-CIRCULAR-TIPPED BIPLANE,
OVERHANG= +20%

A3.IL 0TB33R D~NSIONS ORTHOGONAL
ALL OTHER DIMENSIONS OETHOQON&L

Imva wing I CeIluleupperwing I
a

Cdlnleupperwing LOwar wing
a

—

kgr.x
-8
-4

0
4
8

H
16

:

G
30
36
40
!54
66
70
al
Co

CN c;

a 413
LOB
.49
.840
.247
.2W
.27T

:Z

:%
.373
.36.5
.m
.341
.am
.276
.265

:%

G. CM c. ./4 e
CN c,. CN

a. 143
.113
.X@
.&xl
.781

ik%
1.061
.923
.W3

~~

L 243
L 310
L440
L673
L489
L 415
L 4m

Q

4.449
L 134
.&l
. 3bl
.307
.291
.2%3

:E
.4Ml
.421
.414
.4s1
.4W
.439

:%
.m
.610
. E31

Gr
—

L466
.471
.439
.4E3
.46s
.467
.457
.439
.448
.460
.446
.433
.4.$8
.457
.431
.467
.461
.4e4
.476
.460

c- ●n 1’c,,

k+lw
–8
-4

0
4

i
14
16

xl
22
26
ao
35
40
HI
m

#

a432
.4W

48
.4$.s
. 46s
.46U
W@

.Ra

.&w

.s22

.522

.SrM

. E31

.66s

.895

i%
L 409
—-

.h w
.788
.471

:&
.?@

;:

.389

.3m

.420

.425

.434

.432

.447

.4M

.477

.485

.S2a

0.41
.47%
.470
.464
.481
.4M
.402
.471
.4M
.m
.616
.632
.54s
.572

i%
.246
.3M
.221
.252

a 134
.114
.310
.W3
.m

i!%
L123
LOW
.Wo
.678
.84
.346
.672
.847
.742
.ml
.W1
.666
.6M

-o.m 0,674
-. m L 010
-.072 L(I34
-. ml L023
-.054 L@M
–. 048 L 076
-.046 LW7
–. 046 L137
-. ma L37K
–. 165 L282
-. 1L5 .792
–. m .hm
~. .48s

.4CQ
-. m .ZQ3
-.019 .ml
–. 019 -.134
–. 043 –. 102
-.071 –. 074
–. m –. m4

TABLE XXXVHI

CLARK Y ~IR&ULALGT’IPjP2~& BIPLANE,

ALL OTHER D~fENSIONS OETHO~ONAJJ

TABLE 23

CLARK Y CIRCULAR-TIPPED BIPLANE,
0VERHANG=+40%

ALL OTBER DIiW3NSIONS ORTHOGONAL

upperIving I Lmverwing C.31Me I.mwer wing I Oenule

a — —
c,, CN
— —

M4cJ -a 115
. I@

.444 .341 I
.834 ~

:%
.447 i%
.4s9 Ll12
.4&$ L 175
.481 L 178
.496 LO$9
. 4e-4 L 178
.EO.5 L 071
.4M1 L 140
.481 L279
.485 L363
.480 L462
.464 L 4S3
.2%9 L 4S7
.294 L 614
.2s3 L 510

a

I
C/? C$a

.y7J -o. Co7
.s39

.348 .4E4

.&m .349
.314

i %0 . ?aI
L@51 4&4
L 101
~:. :=

.815 .373

.7W .341

.649 :%

.646

.6W .277

.m
-; g

-: %!
-. Lu .478
-.140 .481

cf7c,=

O.esl
L2W
.4’23
,2$2
.318
.3M

%j

.3?3

.419

.425

.427

.436

.446

.461

.477

.4s9

.619

CM c- ./1

‘o. Q15
-. KG
-. m
-. ma
-.053
-. w
-. C49
-. C48
-.053
-. m
-. lwl
-. En
-.124
–. lm
-.131
–. Ea
–. 110
-.144
–. 183
–. 1s7

e CN

-: Ml -’cm& -41

.4M .348 –: 073

.430 .6t0 -. m

.440 .&M –. 0ss

.& L 011 –. Cm

.446 L 118 –. w

.447 L 196 –. 049

.4b5 L 240 –. m

.4m LLE% –. C@

.W5 .W3 –. lwl

.476 .W1 –. m

.478 .W3 –. Im

.469 .am –. Ml

.459 L(K?2 -. lm

.m L 016 –. 173

.4m L618 –. m

.463 l.~ –. 243

.4M -.248

.481 .Esa –. 263

Dw_r

4
0
4

;
14
16

%
!il
26
30
36
40

%
70
80
80

kgret
–8
-4

:

-o.W2
.120
.344
.816

i%!
LCLS7
L 142
L 140
Ll12
L 018
.910

i%

‘W%
.’Z36
.784
.780
.782

-0.143
.139
.376
.557

i%
L257

k %9
.W.Q
.Ea4
.787
.8s3
.Sm
.S75
.Sm
.825
.ma
.6c0
4$s

y& CL443
.440

.441 .484

.3E0 .4ss

.313 .467
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